Background Transforming growth factor-b1 (TGF-b1) has dual roles inhibiting and promoting carcinogenesis. Although many researchers have conducted association studies between TGFB1 C-509T polymorphism and the risk of developing gastric cancer, the results are not uniform. Methods We genotyped 1028 gastric cancer patients and 958 controls by the polymerase chain reaction-restriction fragment length polymorphism method. Immunohistochemistry was performed to assess the expression of TGFb1 in the cancer and noncancerous tissues of 120 gastric cancer patients. mRNA expression was also measured in noncancerous gastric mucosa by qRT-PCR in the 282 subjects.
Introduction
The age-standardized incidence of gastric cancer is decreasing, but it is still one of the most prevalent neoplasms, especially in East Asia. In Korea, although the 5-year survival rate has increased up to 67 %, gastric cancer still accounts for the majority of cancer-related mortality [1] . This is mainly because of limited therapeutic choices in later stages; thus, understanding of risk factors for gastric cancer is very important to prevent this disease.
Helicobacter pylori infection, environmental and genetic factors are commonly considered to be involved in the carcinogenesis of gastric cancer, but the exact molecular or genomic process of transformation to gastric cancer remains unclear. Among genetic alterations, single nucleotide polymorphic genes have been implicated as potential candidates for increased cancer susceptibility. In particular, transforming growth factor-beta (TGF-b) has garnered much attention because of its dual role as tumor suppressor and promoter. It is known that TGF-b has antiproliferative action in normal epithelial cells in the early stages of oncogenesis but promotes tumorigenesis in the late phase of tumor development, partially through induction of epithelial-to-mesenchymal transition (EMT), which contributes to tumor progression, invasion and metastasis [2, 3] . TGF-b has three isoforms, TGF-b1, 2 and 3, but most studies have examined TGF-b1 because of its predominant and universal expression [3] . Since Grainger et al. [4] identified elevated serum levels of TGF-b1 in healthy twins carrying TGFB1-509T homozygote, TGFB1 C-509T (rs1800469) has been investigated because of its presence in the promoter region [5] . This implies that TGFb1 production might be under the control of the TGFB1 gene, and different predispositions of this single nucleotide polymorphism (SNP) could influence the gastric cancer risk. However, despite several previous studies on this SNP, the relationship to gastric cancer development remains controversial [6] [7] [8] [9] [10] . Furthermore, virtually nothing is known about the effect of this genetic polymorphism on TGF-b1 expression in the gastric mucosa.
Therefore, we performed genotype analyses for the C-509T polymorphism in the TGFB1 gene and compared its frequency between gastric cancer patients and controls in a single center in Korea. Moreover, gastric expression of TGF-b1 was also measured and compared according to the TGFB1 C-509T genotype, cancer stage, histologic type and H. pylori infection.
Materials and methods

Patient selection
From February 2006 to March 2014, patients who visited our gastroenterology department at Seoul National University Bundang Hospital and underwent upper gastroduodenal endoscopy were prospectively recruited. During endoscopy, apart from cancer tissue in gastric cancer cases, two pairs of biopsies were taken from normal-appearing gastric mucosa in both the antrum and body for histological evaluation, determination of H. pylori infection status genotyping and measurement of TGFB1 mRNA. The participants were divided into cancer and healthy control groups according to pathologic results. Blood samples for serologic test for H. pylori were also obtained. Cancer tissue specimens were also obtained from patients who underwent resection either endoscopically or surgically at our hospital during this time. Patients with any other malignancy, immunosuppressive disorders, other major systemic diseases or peptic ulcer disease were excluded. Patients with gastric dysplasia were also excluded to reduce possible confounding effects from the adenomacancer sequence. Eventually, from consecutive cases who met the above-mentioned criteria, 1045 gastric cancer patients and 992 controls were enrolled. Each patient completed a questionnaire with the assistance of welltrained personnel. All subjects gave written informed consent, and the study protocol was approved by our Ethics Committee at Seoul National University Bundang Hospital.
Assessment for H. pylori infection
The H. pylori infection status was decided by modified Giemsa staining, culture and rapid urease testing (CLOtest, Delta West, Bentley, Australia). If these tests were all negative, then 13 C-urea breath test (UBiTkit; Otsuka Pharmaceutical, Tokyo, Japan) and serum IgG specific for H. pylori were measured by an enzyme-linked immunosorbent assay (ELISA) (Genedia H. pylori ELISA; Green Cross Medical Science Corp., Eumsung, South Korea).
Transforming growth factor-b1 genotyping Genomic DNA was extracted from gastric antral mucosa by proteinase K digestion and phenol/chloroform extraction. A modified method of polymerase chain reactionrestriction fragment length polymorphism (PCR-RFLP) was performed to identify the TGFB1 C-509T genotypes. The PCR primers were 5 0 -GTA TGG GGT CGC AGG GTG TT -3 0 (forward) and 5 0 -CAG ATG CGC TGT GGC TTT GC-3 0 (reverse). PCR was performed at 95°C for 5 min for initial denaturation followed by 40 cycles of 30 s at 95°C, 30 s at 62°C 30 s, and 30 s at 72°C, and a final extension at 72°C for 10 min. The PCR products were digested overnight at 37°C with Bsu36 I (add BSA) for TGFB1 C-509T genotypes (New England BioLabs, Beverly, MA, USA). The products were separated at 120 V for 45 min on a vertical 2.5 % agarose gel stained with ethidium bromide. In addition, the laboratory staff was blinded to group status, and the extent of random misclassification was controlled by randomly genotyping 10 % of the samples twice. We were unable to complete genotyping of 51 initially enrolled individuals, mainly because of an inadequate amount or quality of specimens; therefore, these individuals were excluded from the analysis. Finally, 958 controls and 1028 cases were successfully genotyped.
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Immunohistochemistry For immunohistochemical staining, 120 patients including all of 38 H. pylori-negative cases were selected among those who underwent neither neoadjuvant chemotherapy nor radiotherapy. Core tissue biopsies (2 mm in diameter) were taken from both the tumor center and peripheral part of the tumor, which included the lateral invasive margin and normal mucosa of individual paraffin-embedded gastric tumors. We defined the tumor periphery as the neoplastic lesion adjacent to this margin ( Fig. 1a white box) . Therefore, we measured the immunoreactivity of the cancerous lesion in the tumor center and periphery and noncancerous mucosa around the tumor's invasive margin. These cores were arranged in recipient paraffin blocks (tissue array blocks) using a trephine. The test procedure used a human control slide for immunohistochemistry (Superbiochips Laboratories). The antibody for detecting TGF-b1 (sc-146) (Santa Cruz Biotechnology, Dallas, TX, USA) was used. Overall staining processes with sections (4 lm thick) from the array blocks were conducted by BenchMark XT Staining systems with ultraVIEW Universal DAB Detection Kit (Ventana Medical Systems, Inc., Tucson, AZ, USA). For the immunopositivity of TGF-b1, 10 % of tumor cells were used as the criterion for positivity [11] . Immunostaining was further scored: 0, no staining or in \10 % of the tumor or normal epithelial cells; 1?, faint/barely perceptible partial staining in [10 %; 2?, weak to moderate staining in [10 %; 3?, strong staining in [10 % of the tumor or normal epithelial cells [12] . Each sample was scored in a blind manner.
Measurement of TGFB1 mRNA expression Gastric body mucosa was stored in liquid nitrogen. From this cohort, 282 samples were selected because of the availability and quality of RNA (RNA integrity no. 1.7-1.9 measured on a NanoDrop 2000 Ò ThermoScientific, Wilmington, DE, USA). Total RNA was purified from tissues using Trizol Ò reagent (Invitrogen, Carlsbad, CA, USA). Using M-MLV reverse transcriptase (Invitrogen), the total [13] .
Statistical Analysis
Differences in clinicopathological variables and the trend of genotype frequency between cases and controls were evaluated using the chi-square and the Cochran-Armitage chi-square test. The associations between TGFB1 polymorphisms and gastric cancer risk were estimated by computing the odds ratio (OR) and their 95 % confidence intervals (CIs) from multivariate logistic regression analyses with adjustment for age (modeled as a categorical variable; \40, 40-60, C60), gender, cigarette smoking, alcohol consumption, regular spicy food ingestion, childhood residential area, H. pylori infection status, and family history of gastric cancer. Additionally, we analyzed the data by cancer stage and Lauren classification using polynomial logistic regression models. Hardy-Weinberg equilibrium was tested using the asymptotic Pearson's chisquare test. The frequency of positive immunohistostaining, difference in the intensity according to the location where tissue was obtained in each cancer patient and expression of TGFB1 mRNA were analyzed using the chisquare test, paired t test and Mann-Whitney test, respectively. P \ 0.05 was considered statistically significant. Analyses were performed using the Statistical Package for the Social Sciences (version 19.0; IBM, NY, USA).
Results
Baseline characteristics of study subjects
Among 1045 gastric cancer patients and 992 controls with DNA samples, genotyping was successful in 1028 gastric cancer patients and 958 controls, and their complete genotype information was included in the final analyses. Selected demographic variables in the gastric cancer cases and controls of this study are summarized in Table 1 . As shown in Table 1 , male sex, age [60 years, presence of first-degree relatives who were affected by gastric cancer, childhood rural residence, smoking and alcohol consumption, spicy food ingestion, and H. pylori infection were risk factors for gastric cancer. After multivariate analysis, old age, smoking, rural childhood residency, a spicy food diet, H. pylori infection, and family history of gastric cancer among first-degree relatives were still independent risk factors for gastric cancer.
Association between TGFB1 C-509T polymorphism and gastric cancer risk
Genotype distribution of the TGFB1 C-509T polymorphism in cases and controls is shown in Table 2 . The genotype frequency of this polymorphism in controls did not deviate from the Hardy-Weinberg equilibrium. The genotype frequency of TGFB1 C-509T was 23.2 % (CC), 54.1 % (CT), and 22.7 % (TT) in the gastric cancer patients and 26.4 % (CC), 47.7 % (CT), and 25.9 % (TT) in control subjects. This genotype frequency was different between gastric cancer patients and controls (P = 0.018) because of the high proportion of cases with CT genotype compared to controls. However, there was no statistically significant difference between the increased number of T alleles and increased risk of gastric cancer (P = 0.984). After adjusting for gender, age, cigarette smoking, rural childhood residency, spicy food ingestion, H. pylori infection, and first-degree family history of gastric cancer, the CT genotype of C-509T was associated with a significantly increased risk of gastric cancer (adjusted OR 1.29, 95 % CI 1.08-1.54, P = 0.004) compared to the -509 CC homozygote. When we combined CT and TT genotypes assuming a dominant allele effect, the overall risk associated with gastric cancer occurrence was higher in T-carriers than in those with the CC genotype (adjusted OR 1.26, 95 % CI 1.00-1.57, P = 0.046).
When gastric cancer patients were stratified by the Lauren classification, the CT genotype was associated with increased risk of intestinal-type gastric cancer, but not diffuse type (adjusted OR 1.43, 95 % CI 1.08-1.90, P = 0.014) ( Table 2) .
In turn, we stratified the stomach cancer patients by cancer stage in order to examine the potentially different effect of TGFB1 polymorphisms depending on tumor stage. In stage I and II cancers, the T allele in C-509T was associated with increased gastric cancer risk (adjusted OR 1.30, 95 % CI 1.02-1.65, P = 0.035). However, the same allele was not associated with an increased risk of stage TGFB1-509T increases gastric cancer 529 III ? IV gastric cancer (adjusted OR 1.15, 95 % CI 0.82-1.61, P = 0.417) ( Table 3) . When the stomach cancer cases were stratified into noncardia and cardia cancers by location of cancer, 73 (7.6 %) cases were cardia cancer. The T carrier of the TGFB1-509 was associated with increased susceptibility to non-cardia gastric cancer (adjusted OR 1.26, 95 % CI 1.00-1.58, P = 0.044), while there was no significant association between any genotypes of this SNP and cardia cancer (data not shown). Expression of TGF-b1 in cancerous mucosa A total of 120 gastric cancer patients including 38 H. pylorinegative cases were analyzed (Supplementary Table 1) . TGF-b1 protein analyses exhibited predominantly cytoplasmic immunostaining (Fig. 1a, b, c Table 4 ). Nineteen (90.5 %) of 21 tumor centers with the TT genotype also displayed positive TGFb1 immunoreactivity, but this did not reach statistical significance, probably because of the small sample size of the TT genotype. The neoplastic and non-neoplastic lesion around the lateral tumor margin in the patients with the T allele showed more frequent expression of TGF-b1 compared to the non T-carriers, but did not obtain statistical significance either. In terms of H. pylori infection, H. pylori-positive gastric cancer patients were more likely to exhibit stronger immunostaining in noncancerous tissue, but not in tumor compared to H. pylori-negative patients by paired t test (1.16 ± 0.21 vs. 0.42 ± 0.16, 1.68 ± 0.18 vs. 1.51 ± 0.18 and 1.77 ± 0.16 vs. 1.32 ± 0.21, P = 0.026, P = 0.574 and P = 0.124). However, no significant differences were found according to the histologic type, stage and location of cancer.
For the comparison of TGF-b1 expression between the center and periphery of the tumor and between cancerous and peritumoral noncancerous mucosa, the intensity of immunostaining was scored. While noncancerous mucosal tissue showed a lower score than both central and peripheral tumor tissue (0.76 ± 0.09 vs. 1.53 ± 0.09 and 1.52 ± 0.10, all P \ 0.001), there was no significant difference between the center and peripheral tumor tissue.
mRNA expression of TGFB1 in noncancerous gastric mucosa TGFB1 mRNA levels in normal-appearing gastric mucosa were measured in 282 subjects (Table 5) . Their clinicopathological characteristics are shown in Supplementary  Table 2 . Subjects carrying the CC genotype showed the lowest TGF-b1 level in gastric mucosa compared with those who had the other two genotypes (CC vs. CT P = 0.003, CC vs. TT P = 0.084). Overall, T-carriers presented higher levels of gastric TGFB1 mRNA than non T-carriers (median 1.29 vs. 0.80, P = 0.004). H. pyloripositive subjects expressed significantly higher levels of the gene than H. pylori-negative subjects (median 1.22 vs. 0.95, P = 0.041). Cancer patients showed elevated gastric gene expression compared to the control group (median 1.22 vs. 0.89, P = 0.009).
When stratified by the Lauren criteria, the gene was upregulated in patients with intestinal-type cancer compared to that in controls (median 1.25 vs. 0.89, P = 0.006). Furthermore, the differences between the stage I ? II and the control group (median 0.89 vs.1.18, P = 0.040) and between the III ? IV and the control group (median 0.89 vs. 1.38, P = 0.010) were statistically significant. However, the difference between the stage I ? II (median 1.18) and stage III ? IV groups (median 1.38) did not reach statistical significance, perhaps because of the small sample size of advanced stage cases. Otherwise, no statistically significant differences were found between the two groups according to histologic types or presence of family history of gastric cancer among first-degree relatives. When the analyses were stratified by the presence of a T allele and the stage, T-carriers in stage I ? II showed significantly higher expression of gastric TGF-b1 than non T-carriers (median 1.28 vs. 0.80, P = 0.044) (Fig. 2a) . Next, the analyses were stratified by the presence of the T allele and H. pylori infection status. In the H. pyloripositive subjects, T carriers showed significantly higher gene expression compared to CC homozygotes (median 0.83 vs. 1.90, P \ 0.001), while no significant genotypic difference was detected in the H. pylori-negative subjects (median: 0.80 vs. 0.98, P = 0.734) (Fig .2b) . When the analyses were restricted to each control subject and cancer patient, the result was similar (cancer patients; H. pylori positive 1.05 vs. 2.13, P = 0.014 and H. pylori negative 1.05 vs. 1.13, P = 0.567) (control subjects; H. pylori positive: 0.45 vs. 1.70, P = 0.041 and H. pylori negative 0.59 vs. 0.89, P = 0.463).
When multiple linear regression analysis by log transformation was conducted with cancer stage (I ? II, III ? IV), carrying of the T allele and H. pylori infection, which showed a statistically significant difference in univariate analyses, gastric expression of TGF-b1 in noncancerous mucosa was greater in the cases of stage III ? IV cancer or those who harbored T allele in TGFB1 C-509T (b = 1.151 and 1.179, P = 0.025 and 0.006, respectively).
Discussion
We set out to determine the association between the TGFB1 C-509T polymorphism and the risk for gastric cancer in this case-control study. There was a significant association between the -509 CT genotype and increased TGFB1-509T increases gastric cancer 533 risk of developing gastric cancer, especially in intestinal type.
In the present study, TGFB1 mRNA expression in normal gastric mucosa and TGF-b1 expression in cancerous mucosa were also more abundant in those with the -509T allele than in the others. Our functional analysis suggests that SNP rs1800469 in the TGFB1 promoter could modulate mRNA and protein levels and therefore might be related to cancer development.
Similarly, there have been previous studies suggesting that the -509T allele is associated with the development of neoplasms, such as colorectal adenoma [14] and melanoma [15] . As for gastric cancer, two Chinese studies reported that the CT and TT genotypes were significantly related to cancer risk compared with the CC genotype [6, 16] . A recent meta-analysis with 2130 cases and 2374 controls from 7 published case-control studies concluded that the TGFB1-509T allele is a susceptibility factor for gastric cancer [17] . However, contradictory data have also been reported. Other Chinese studies proposed that -509T allele carriers were at lower risk for developing gastric cancer than their counterparts with the C allele [9, 10] . The inconsistency among these studies may be explained by ethnic differences in allelic frequency. The frequency of the -509 TT genotype in controls of one study from south India was only 6 % [7] , far less than ours. Furthermore, the allelic frequency of TGFB1-509T varies, ranging from 32.8 to 49.2 % even in the Chinese population [6-10, 16, 18] .
In the present study, we compared the gastric gene and protein expression according to different genotypes, whereas other associated factor studies only conducted analyses for genotype frequency and gastric cancer. Higher levels of gastric TGF-b1 expression in cancer tissue of -509T carriers were shown compared to those with CC genotype. Unfortunately, a significant difference was not found in either gene or protein expression between the TT and CT genotypes, probably because of the small number of T homozygotes whose TGF-b1 expression was evaluated.
On the other hand, the influence of TGF-b1 upregulation in the gastric mucosa on tumorigenesis could be inversely interpreted because of its dual effects, but several studies suggest the experimental relevance between increased TGF-b1 expression and tumor formation. Enhanced metabolic rate, adhesiveness, and survival were observed in the TGF-b1-overexpressing cells. When introduced into nude mice, these engineered tumor cells showed an increment in tumorigenicity [19] .
Of particular note is that, in our study, normal-appearing peritumoral tissue itself showed elevated gene expression in the T carriers compared to non T-carriers and in cancer patients compared to controls. Although the immunohistochemistry findings did not reach statistical significance, T homozygotes expressed the positive staining more frequently than C homozygotes in non-neoplastic peritumoral mucosa (70.0 vs. 47.8 %). This might be derived from the difficulty in discerning differences in very faint immunoreactivity of peritumoral noncancerous mucosa. According to the general consensus that TGF-b has an antiproliferative action in normal epithelial cells at early stages but a cancer-promoting effect in the late phase of tumor development, this seems to be an unexpected result. However, a previous study reported positive staining of TGF-b1 not only in tumor cells but also peritumoral tissue, including stromal cells [20] . Concerning the mechanism of how the tissue becomes malignant, overexpression of TGFb1 even in noncancerous tissue in cancer patients may provide a clue about the initial carcinogenetic process, which alters the tumor environment first. It has been also reported that TGF-b has an immunosuppressive effect [21] and enables tumor cells to escape from immune surveillance [22] . Comerci et al. [23] indicated that TGF-b1 secreted into, or produced by, supporting stromal cells may indirectly promote tumor formation or progression.
Interestingly, the effect of the TGFB1 C-509T polymorphism may be different depending on different conditions. This might be partially responsible for the inconclusive result of associational studies on this genetic polymorphism as well as ethnic heterogeneity. In the present study, the -509T allele was associated only with intestinal-type cancer and not with diffuse-type cancer. Likewise, TGFB1 gene expression was significantly different between controls and patients with intestinal-type cancer, but not between healthy controls and those with diffuse-type cancer, in accordance with a previous report [24] . Considering that most cases of gastric cancer develop against a background of chronic atrophic gastritis or intestinal metaplasia, we inferred that TGF-b1 may be more involved in the carcinogenesis of intestinal-type cancer related to H. pylori infection.
In terms of the relationship between TGF-b1 and H. pylori infection, several studies have showed that H. pylori infection stimulates TGF-b1 expression in tissue [25, 26] . In line with this, higher TGF-b1 expression in H. pyloripositive noncancerous tissue, not in cancerous tissue, was detected in the present study. Furthermore, subjects with the TGFB1-509T allele expressed the TGFB1 gene more in their noncancerous mucosa when infected by H. pylori compared to non-T-carriers, which may predispose subjects to the development of intestinal-type GC. This difference was more evident in the noncancerous mucosa of cancer patients than that of healthy control subjects. The TGFB1 C-509T SNP could be a possible link between H. pylori infection and gastric cancer. Once a tumor has developed, the transcription of TGFB1 would be amplified by cancer cells themselves [27] , and this might blunt the effect of H. pylori on cancer tissue.
However, whether this non-neoplastic mucosa produces the TGFB1 gene before cancer formation or there is a role In H. pylori-positive subjects, T-carriers showed significantly elevated TGFB1 mRNA expression compared to those with CC (P \ 0.001), while no difference was found in H. pylori-negative subjects. The whiskers in the box and whiskers plot represent the 10th and 90th percentiles. Outliers less than three interquartile ranges above the upper quartile were marked with points. Outliers more than three interquartile ranges above the upper quartile were marked with asterisks. Diagonal line patterned-bars represent T-carriers, whereas solid white bars show those with the CC genotype TGFB1-509T increases gastric cancer 535 of elevated TGFB1 gene expression in control patients with T-carriers including interaction with H. pylori should be further explored.
As for the effect of the TGFB1 C-509T polymorphism according to different tumor stages, a previous Chinese study indicated that -509T and 869C allele carriers had a decreased risk of TNM stage I ? II gastric cancer [9] . Although the polymorphisms did not show any association with stage III and IV gastric cancer in the present study, the statistical power for these associations was limited by the numbers of cases in stage III and IV. For example, the minimal ORs of the statistically significant relation for a given sample size were 1.75 for TT in the additive model and 1.38 in the dominant model. Moreover, since all of the advanced cancers develop from stage I/II, different associational effects on developing cancer according to stages do not seem logical. More distribution of diffuse type cancer in stages III or IV compared to stage I and II might be responsible for lessening the potential significance (diffuse type, stage I/II vs. III/IV, 31.9 % vs. 61.3 %, P \ 0.001).
We also hypothesized that the tumor periphery might show more expression of TGF-b1 than the center of cancer since EMT is known to be related with invasion of tumor cells and TGF-b1 is a potent inducer of EMT. However, there was no significant difference in TGF-b1 expression between the middle and peripheral part of the cancer.
Taking all things together, the TGFB1-509T allele would contribute to TGF-b1 overexpression, and its upregulation in noncancerous tissue might have a tumorpromoting effect related to H. pylori infection, causing the development of intestinal-type gastric cancer.
One of the limitations of our study is the difficulty to clearly explain why the -509T heterozygote, but not homozygotes showed a significant association with an increased risk of gastric cancer. This has often been observed in other associational studies [9, 28] . Very little difference might exist between the effects of the variant homozygote and heterozygote or unexpected selection might have occurred. This might also originate from the complex role of TGF-b1 itself, and the evaluation of only one locus in the TGFB1 gene may not explain this association sufficiently. Another limitation is that analysis of protein and gene expression was conducted in a very limited population, probably causing the failure to show a dose-dependent increase of TGF-b1 expression. Furthermore, we analyzed the gene expression in normal mucosa without consideration of the different proximities of cancer. However, we made an effort to compensate for this by comparing immunohistostaining in normal mucosa that was adjacent to the cancer.
Nonetheless, this is the largest case-control study conducted at a single center in Korea, where relatively minimal confounding from ethnic diversity exists. By evaluating TGF-b1 expression in relation to TGFB1 C-509T SNP not only in cancerous tissue but also in noncancerous tissue, we attempted to confirm the functional SNP and find a clue concerning whether the elevation of TGF-b1 expression in normal tissue might be predisposed to gastric cancer.
In conclusion, we demonstrated a significantly elevated gastric TGF-b1 expression in TGFB1 509T-carriers compared to non-T-carriers in neoplastic mucosa. Increased TGFB1 gene expression in cancer patients might be related to its tumor-promoting effect and could contribute to the pathogenesis of intestinal-type gastric cancer in TGFB1-509T carriers. However, since the effect of this SNP seems modest, in order to accurately assess its clinical significance, more research is needed to clarify the exact role of TGFB1-509T and at what point(s) in the carcinogenetic process it is involved.
